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0 Process for the production of hydrocart>on partial oxidation products. 

© An alkene stream which contains a corresponding alkane as an impurity or a propylene stream which 
contains alkane as an impurity is subjected to adsorption at a temperature of 60 to 200 • C in a purifier A utilising 
an adsorbent which selectively adsorbs the alkene. thereby adsorbing substantially all of the alkene. The purified 
alkene is subjected to partial oxidation in a reactor B the presence of oxygen and, optionally ammonia or 
chlorine to produce various partial oxidation products. The process Is operated on a low per pass conversion 
with recycle of unreacted alkene. In the system of the invention the purifier A may be upstream of the partial 
oxidation reactor B (i.e. receives all the fresh hydrocarbon feed to the process) or downstream of the reactor B 
(i.e. the reactor B receives the fresh hydrocarbon feed to the process). The alkane and alkene may both either 
contain three carbon atoms, the alkene being propylene, or two carbon atoms. 
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The present invention is directed to a process for producing partial oxidation products by the reaction of 
ethylene or propylene and an oxygen-containing gas in the presence of a suitable catalyst, and more 
particularly to a vapour phase process in which a hydrocarbon partial oxidation product is produced by 
contacting an ethylene stream or a propylene stream containing propane as an impunty with an oxygen- 
containing gas in the presence of an appropriate oxidation catalyst. 

Certain partial oxidation products are produced commercially by the oxidation of ethylene or propylene 
in the vapour phase over a suitable catalyst. For example, ethylene oxide and vinyl chlonde are produced 
by the partial oxidation of ethylene with oxygen in the presence of selected catalysts, and acrylonitnle. 
propylene oxide and acrolein are produced by the partial oxidation of propylene with oxygen m the 
presence of selected catalysts. Air is generally used as the source of oxygen, because of its low cost and 
ready availability. The reaction can be carried out in any suitable reactor and it produces the desired partial 
oxidation product and generally carbon monoxide, carbon dioxide and water as byproducts. The reaction 
conversion is usually less than 100%: accordingly the reactor effluent also generally contains unreacted 
ethylene or propylene. Furthermore, industrial grade ethylene and propylene usually contains small 
amounts, for example up to about 10% by volume, ethane and propane, respectively. Therefore, smce 
ethane and propane is not generally affected by ethylene and propylene partial oxidation catalysts, the 
effluent usually contains ethane or propane. In addition to these components the effluent will contain 
nitrogen and argon if air Is used as oxidant. . 

In the past it was common to practice the above-described partial oxidation processes on a single-pass 
basis with the conversion of hydrocartwn to the desired product being maximized. This resulted in low 
overall efficiency, since the selectivity to the desired partial oxidation product is below the maximum at high 
conversion. Consequently, the concentration of carbon oxides in the reactor effluent was high. The effluent 
stream was usually incinerated, so that the only return realized from the effluent was heal value from 
combustion of the hydrocarbon and carbon monoxide. * 

Uter improvements included recycling part of the gaseous effluent to the reactor after recovery of the 
desired partial oxidation reaction product(s). This made it possible to lower hydrocarbon conversion and 
increase selectivity to the desired product. These improvements resulted in a reduced per pass 
conversion but the overall efficiency of the process was increased. However, in such recycle processes 
part of the effluent remaining after recovery of the desired partial oxidation product(s) had to be purged 
from the system to prevent the build-up of carbon oxides and nitrogen and alkanes, such as ethane and 

"^"^Because of the difficulty of separating ethylene from ethane and propylene from propane efficient 
operation of recycle ethylene and propylene partial oxidation processes is hard to achieve when the alkene 
feed contains the corresponding alkane as an impurity. Poor separation of ethylene from ethane and 
propylene from propane in the post product recovery zone can result in a buildup of ethane or propane in 
the overall process. Continuous efforts are underway to enhance the efficiency of recycle partial oxidation 
processes. These efforts include investigations for improved procedures for separating the alkene from the 
corresponding alkane prior to recycling the alkene to the reactor. The present invention provides such an 

'"^^"A^^^rtoone aspect of the present invention there is provWed a process for the production of a 
partial oxidation product comprising the steps of: 

(a) selectively adsortjing alkene from an alkene-alkane gas mixture by passing said gas mixture through 
an adsorption zone containing an adsortjent which selectively adsorbs the alkene; 

(b) regenerating said adsorbent, thereby producing alkene-enriched gas; 

(c) contacting said alkene-enriched gas with an oxygen-containing gas in a reaction zone in the presence 
of an appropriate oxidation catalyst under conditions which result in the production of a gaseous product 
containing the desired partial oxidation product; and 

(d) recovering said partial oxidation product from the gaseous product, wherein the alkene and the alkane 
either both contain three carbon atoms, the alkene being propylene, or both contain two cartoon atoms. 

According to another aspect of the present invention there is provided a process for the production of a 
partial oxidation product comprising the steps of: • , ■ . • 

(a) contacting an alkene-alkane mixture and an oxygen-containing gas with a partial oxidation catalyst in 
a reaction zone under conditions which result in the production of a gaseous product containing said 
partial oxidation product, unreacted alkene and alkane: 
55 (b) recovering said partial oxidation product from said gaseous product: 

(c) selectively adsortjing alkene from said gaseous product by passing said gaseous product through an 
adsorption zone containing an adsorbent which selectively adsortis the alkene; 

(d) regenerating said adsortjent. thereby producing a propylene-enriched gas stream; and 
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(e) recycling said propylene-enriched gas stream to said reaction zone, wherein the alkane and the 
alkene either both contain 3 carbon atoms, the alkene being propylene, or both contain 2 carton atoms _ 
The improvement of the present invention applies to a recycle process for P^°^^^^.f^'^.^^ 
propylene partial oxidation products, such as ethylene oxide, ethylene dichloride. v.nyl chlor.de. P^opytone 
LS. acrySc acid and acrylonitrlle. by the vapour phase oxidation of ethylene or P^^^^^^J*^ "^^^^^^^^^ 
the presence of a suitable catalyst and any other necessary reactant. such as hydrogen chloride for 
ethylene dichloride and vinyl chtoride production and ammonia for acrylon.tnle production recove"ng he 
partial oxidation product from the gaseous reactor effluent and recycling the unreacted alkene to the 

'^iSo'rdi'ng to one embodiment of the invention an ethylene stream which contains ethane as an impurity 
or propylene stream which contains propane as an impurity is subjected to a pressure swing adsorptton 
(P^) process or a temperature swing adsorption (TSA) process at an elevated temperature in one or more 
adso rpSon vessels containing an adsorbent which selectively adsorbs ethylene and P~Py'«;« '^-^ 
mixtures containing one of these alkenes and one or more alkanes. The ^''^°[P'*Z'''°^^JL7t n^ 
uLr conditions which result in the production of an adsorbed stream enriched in the 
adsorbed product stream enriched in the corresponding alkane. The process is des.raWy OP^-^^^J^ retem 
substantially all of the unreacted alkene in the adsorbed product gas stream and reiect rnost of the alkane 
fn tS^nonadsorbed waste stream. The alkene-enriched gas stream obtained upon desorption of he 
adsorption beds is contacted with an oxygen-containing gas and any other necessary ^^^^^^"^^^^^^ 
vapour phase in a reaction zone in the presence of an appropriate partial oxidation catalyst under conditions 
which cause partial oxidation of the alkene. thereby producing a gaseous product stre^ 
more partial oxidation products, byproduct carbon oxides, unreacted alkene and P°^'"y .=!'!^ ""^^^^"^^^^^ 
other gaseous components, such as nitrogen. The gaseous product stream leavng the ^^^^o" °^ 
leLd in a partial oxidation product recovery unit, such as a partial oxidation product condenser or a 
scrubber in which substantially all of the partial oxidation product is recovered from the gas stream. The 
gaf^m remaining after the partial oxidation recovery step can be discharged *«jvstem ^^^^^ 
disposed of. but It is preferably introduced into a gas separation system wherein unreacted alkene s 
sepiSl from the other gas^us components of the gas stream. The separated alkene .s desirably 

recycled to the partial oxidation reactor. j _» i«»„i„« th^ 

In a preferred aspect of this embodiment of the invention the hot gaseous product s^eam leaving the 
partial oxidation reactor is cooled by indirect heat exchange with the alkene-alkane stream fliat .s to be used 
as feed to the adsorption system, thereby heating the latter stream to the temperature at which the 

""^r^llllng to^h^'refe^ed embodiment of the invention, an ethylene stream which contains ethane as 
an impurity or a propylene stream which contains propane as an impurity is first introduced into the above- 
deJcTbed partial oxidation reactor, thereby producing a gaseous product stream ~"*«"'"9 "^^-"^^^ 
paS oxidation products, byproduct carbon oxides, unreacted alkene. some corresponding altene and 
S22bly Scess oxygen and other gaseous components, such as nitrogen. The gaseous product strearn 
Tealing the oxidation reactor is treated in the partial oxidation product recovery unit to recover the desired 
S oxidation product{s). After recovery of the partial oxidation product(s) from the gaseous product 
stCn SSTor af of the partial oxidation product-free product stream is subiected to a pressure swing 
adsorption process or a temperature swing adsorption process at an elevated temperature in a bed of 
So benrwh^h preferentially adsorbs alkenes from gas mixtures. The adsorption process 'S opereted 
under conditions which result in the production of a non-adsorbed product 

all of the oxygen and nitrogen and most of the carbon oxides and corresponding P 
Sntained in the product stream, and an adsorbed component containing most of the ""~«=^ «*v1en« or 
propylene and. usually, small amounts of cartoon oxides and some ethane or propane. The process is 
desh^bly operated to retein substantially all of the unreacted alkene in the product 9««^^«f .f il^Tr,^ 
carbon dioxide, carbon monoxide and the corresponding alkane in excess of the amount that it is desired to 

50 maintain in the system as diluent. n,oterr«H 

in a preferred embodiment of the invention, the adsorbent is a type A zeolite, and in the most preferred 

embodiment, it is type 4A zeolite. , n-r tn ahmit 2S0'C 

The adsorption step is typically carried out at a temperature in the range of about 0 C to about 250 C. 

and is preferably carrii out at a temperature above about 50-C. The preferred "PP«^ '^'^P^'^^^/^J'";^^^^ 
55 about 200 • C. The adsorption step is most preferably carried out at a temperatore in the range of about 70 

to about 170 • C and an absolute pressure of about 1 to 20 bar. .„ , ^hi-^rirf«> 

The process of the invention is particulariy useful for the production of ethylene ox.de. vnyl chk^ide 

ethylene dichloride. vinyl acetate, propylene oxide, acrolein, acrylic acid, propionic ac.d. .-propyl alcohol. 
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acrylonitrile and mixtures of these. . 

In other preferred embodiments of the invention the partial oxidation reaction is earned out using 
substantially pure oxygen as the oxidant, the adsorption bed regeneration step is effected by vacuum 
means or by purging the bed with one or more of an inert gas, the non-adsorbed gas product from the 
5 adsorption system or the adsorbed product gas from the adsorption system, or by corT.b.nat,ons of vacuum 
and purge regeneration; and bed repressurizaUon is effected using the alkene^nnched desorbed gas from 
the adsorption system. . ..^ . . 

Processes according to the invention will now be described by way of example with reference to the 
accorripianyihgliifawihg^^^^ ■ - ■ - - - - 

10 Figure 1 illustrates, in a block diagram, one embodiment of a system for producing a partial oxidaton 
product in accordance with the present invention. ^ . ,-• , 

Figure 2 illustrates, in a block diagram, an alternate embodiment of the system Illustrated in Figure 1 . 
As used In this specification, the term "alkeno" means ethylene or propylene. When the alkene being 
referred to Is ethylene the "corresponding alkane" is ethane and when the alkene is propylene the 
,5 corresponding alkane is propane. The term -partial oxidation product", as used ^'^^•"^^^^^^'^ 
compound other than carbon monoxide and carbon dioxide produced by the ox.dat.on of ethylene of^ 
propylene and includes products which are obtained by a reaction route that includes the ox.dat.on of 
ethylene or propylene. Typical of the partial oxidation product manufacturing processes .n wh.ch the 

invention can too employed are: ^-.w.^ 
1. The manufacture of ethylene oxide by the reactton of ethylene with oxygen in the presence of a silver 

oxide catalyst supported on silica or alumina. ^ ^ ^»K„iA„a with 

2 The manufacture of ethylene dichloride. and hence vinyl chlonde. by the reaction of ethylene with 
oxygen and hydrogen chloride in the presence of a supported or unsupported catalyst such as mercunc 
chloride, fenic chtoride. copper chloride, or potassium chloride. 

3 The manufacture of propylene oxide by the reaction of propylene with oxygen m the presence of a 
silver oxide catalyst supported on silica or alumina or mixed molten nitrate salts. An example .s the 
reaction of propylene with oxygen In the presence of molten sodium and potassium nitrate to produce 

STh^manllfarture of acrolein by the reaction of propylene with oxygen over a molybdenum-bismuth- 

^ 5° Tte^mrnufacture of acrylonitrile by the reaction of propylene with oxygen and ammonia in the 
presence of a Wsmuth-molybdenum oxide catalyst or an Iron-antimony oxide catalyst or uran.um- 
antimony oxide supported on silica or alumina. 

As is apparent from the above examples, the process of the invention can be used for the manufacture 
of various partial oxidation products by the reaction of ethylene or propylene with oxygen in the presence of 
an appropriate catalyst. The particular partial oxidation reaction that is canled out in the proc^ of the 
invention is not critical to the invention. In general, the process of the invention can include any ethylene or 
propylene partial oxidation reaction that is can-ied out in the vapour phase at elevated temperatures o 
produce any partial oxidation product by the reaction of ethylene or propylene and oxygen (and. where 
appropriate, other reactants. such as ammonia, when the partial oxidation is ammo)«dation) .n the Presence 
of a catalyst to produce the partial oxidation product as the main product and cartwn dioxide and carbon 

""""The tnven^oTcan'^e better understood from the accompanying drawings In which the same reference 
numerals are used to designate the same or similar pieces of equipment in different figures. Auxiliary 
equipment, including compressors, heat exchangers and valves, not necessary for an understanding of the 
invention, have been omitted from the drawings to simplify discussion of the invention. 

In a first embodiment of the invention an ethylene or a propylene feed stream containing the 
corresponding alkane as an impurity is purified to remove the alkane from the stream and the punfied 
alkene stream is reacted in a partial oxidation reactor to produce the desired partial oxidahon product. The 
gaseous product leaving the partial oxidation reactor Is cooled and the partial oxidation product is sepa ated 
from the cooled reactor effluent. Unreacted alkene remaining in the gas stream after product removal can 
be recovered from the gas stream and recycled to the partial oxidation reactor^ This embodiment .s 
illustrated in Figure 1. in which purifier Ms an adsorption system. B is a partial oxidation reactor, optional 
unit C is a heat exchanger. D is a product recovery unit and optional unit E is a gas separator. 

Considering Figure 1 in more detail, purifier A is a pressure swing or temperature swing adsorption 
system typically comprising two or rnore stationary beds packed with an adsortient whidi preferentially 
adsortjs alkenes from a gas mixture containing an alkene and one or more alkanes. The beds are generally 
arranged in parallel and adapted to be operated in a cyclic process comprising adsorption and desorption. 
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The cycle may contain steps other than the fundamental steps of adsorption and regeneration, and it is 
commonplace to have the system in which the adsorption is carried out comprise two or^more adsorten 
beds cycled out of phase to assure a pseudo-continuous flow of alkene^nriched gas from the outlet end of 

the adsorption system. . =Hcr,rhont<5 

The adsorbent may be alumina, silica, zeolites, carbon molecular sieves, etc. Typica adsorbents 
include alumina, silica gel. carbon molecular sieves, zeolites, such as type A and type X zeolite, etc. The 
preferred adsorbents are type A zeolites, and the most prefened adsorbent is type 4A zeolite. 

Type 4A zeolite, i.e. the sodium form of type A zeolite, has an apparent pore size of about 3.6 to 4 
Angstrom units. This adsorbent provides enhanced selectivity and capacity in adsorbing ethylene from 
ethylene-ethane mixtures and propylene from propylene-propane mixtures at elevated temperatures. This 
adsorbent is most effective for use in the invention when it is substantially unmodified, i.e. when it has only 
sodium ions as its exchangeable cations. However, certain properties of the adsorbent, such as thermal and 
light stability, may be improved by partly exchanging some of the sodium ions with otter catiof«^ 
/tecordingly. it is within the scope of the preferred embodiment of the invention to use a type 4A ^eoUte in 
which some of the sodium ions attached to the adsorbent are replaced with other metal ions, provided that 
the percentage of ions exchanged is not so great that the adsorbent loses its type 4A character^Among the 
properties that define type 4A character are the ability of the adsorbent to selectively adsorb ethylene from 
ethylene-ethane mixtures and propylene from propylene-propane gas mixtures at elevated temperatures, 
and to accomplish this result without causing significant oligomerization or polymenzation of the alkenes 
present In the mixtures. In general, it has been determined that up to about 25 percent (on an equivalent 
basis) of the sodium ions in 4A zeolite can be replaced by ion exchange with other cations without divesting 
the adsorbent of Its type 4A character. Cations that may be ion exchanged with the 4A zeolite used in ttie 
alkene-alkane separation include, among others, potassium, calcium, magnesium, strontium, zinc, cobalt, 
silver, copper, manganese, cadmium, aluminum, cerium, etc. When exchanging other cations for sodium 
ions it is preferred that less than about 10 percent of the sodium ions (on an equivalent basis) be rep aced 
with such other cations. The replacement of sodium ions may modify the properties of the adsorbent For 
example, substituting some of the sodium ions with other cations may improve the stability of the 

^''^ AnoSler class of preferred adsorbents are those which contain certain oxidisable metal cations, such as 
30 copper-containing adsorbents, which possess enhanced adsorptive capacity and^ selectivity with resj^ ^ 
the preferential adsorption of alkenes from gaseous alkene-alkane mixtures. Suitable adsorbent substrates 
for manufacturing copper-modified adsorbents Include silica gel, and zeolite molecular sieves, such as 
zeolite type 4A. zeolite type 5A. zeolite type X and zeolite type Y. The manufacture «"d "se of copper^ 
modified adsorbents and examples of suitable copper-containing adsorbents are set forth in US Patent No 
as 4 917 71 1 . the disclosure of which is Incorporated herein by reference. 

' Purifier A is provided on its inlet end with alkene feed gas inlet line 2 which. In the embodiment 
illustrated in Figure 1. is equipped with valve 4. On Its outlet end purifier A is provided with alkane-enriched 
gas stream discharge line 6 and alkene-enriched gas line 8. Une 8 connects the outlet of punfier A to the 

40 '"'^ylaX^ B may be any suitable reactor and is preferably equipped with heat exchange means (not 
shown) to remove heat generated in the partial oxidation reaction, which Is exothermic. In addition to alkene 
feed line 8 reactor B is provided on its inlet end with oxygen-containing gas feed line 10, and ammonia 
feed line 12 the latter being required only if acrylonitrile is to be produced. On its outlet end. reactor B is 
equipped with gaseous effluent line 14. which is connected to the inlet of heat exchanger C. if this unit is 
includ^ in the system, or to the inlet of product recovery unit D. if heat exchanger is not used in the 

"'"^in^the embodiment illustrated in Rgure 1. heat exchanger C is provided with cooled gas outlet line 16 
and with coolant inlet and outlet lines 18 and 20. respectively. Coolant outlet line 20 is. in turn connected to 
the inlet end of purifier A via line 22. which is provided with valve 23. and to coolant discha|^e hne 24 
which Is provided with valve 26. Line 16 connects the cooled gas outlet end of heat exchanger C to the gas 
inlet end of partial oxidation product recovery unit D. . . ^ . 

Partial oxidation product recovery unit D can be any unit suitable for separating partial oxidation product 
from the reactor B gaseous eHluent. Unit D is typically a condenser or a scrubber of the packed bed design 
equipped with means for spraying water or an aqueous or nonaqueous liquid on the product gas entenng 
this unit from heat exchanger C (or from reactor B if the system does not include heat exchanger C) Unit D 
receives scrubbing liquid through inlet line 30 and discharges a liquid product containing substantia ly aH of 
the partial oxidation product through partial oxidation product outlet line 32. In the embodiment illustrated in 
Figure 1 unit D is also equipped with a partial oxidation product-free gas outlet line 28. which commu- 
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nicates with optional separator E through valve 34. waste gas discharge line 36. which is provided with 
valve 38 and recycle line 48. which is provided with valve 50. ^ m =„h ^=.rhnn 

^e prirK:ipJ function of optional separator E is to remove byproduct carbon "^^'^^^^^^ ^^'"^ 
dioxide. L nitrogen. H present, from the gaseous effluent from product recovery 
separator E can be any device that will effect such separation. Separator E can be a single separator or a 
traSi Tseparators. In a preferred embodiment of the invention, separator E is a pressure swing adso^tion 
svJ^em wWch contains an adsorbent which adsorbs the alkene or both the alkene and alkane .n Preference 
to te other components of the unit D gaseous effluent. Separator E is provided with Q^J^^'^^'^^l 
ine « and S^ene recycle line 42. which is connected to the inlet of partial 

iJ and to the inlet end of purifier A via line 52. Unes 42 and 52 are provided with valves 46 and 54. 

'^''^S^Sno to the process of the invention practiced in the system of Figure 1. an alkene feed g^ 
streaTwS conia!ns the corresponding alkane as an impurity and which is heated to the desired 
SL^tion temperat re Is introduceS into Ine or more of the adsorption vessels of purifier A. n one^^ 
ofthTngure 1 embodiment, the feed gas is heated externally of the system and "^^^^^^^^^^f 
throuah Hne 2 and valve 4 as a hot gas. In an alternative and preferred scheme, tine alkene feed gas enters 
Tsfstim t^^gh iln^ 18. is heated in heat exchanger C by heat exchange with hot reactor B effluent 

flowino through line 14. and flows through lines 20 and 22 and valve 23 and into purifier A. 

Z ted gas usually contains at least 90% by volume alkene. witti the balance ^e-g su^^t.al y he 
corresponding alkane. and in preferred embodiments the concentration of alkene in t^e feed entering 
Dur^fTA is a^ least atout 95%. Purifier A is preferably operated in a manner which results ,n the adsorption 
S, slsttr^ti^i 'l of tiie alkene in the feed gas. During the adsorption step most ^V"- 
present is separated from the feed gas and discharged from the system as non-adsorbed gas through line 

^ The temperature at which the adsorption step is carried out depends upon a number of 'actors ^uch as 
the particularadsorbent being used. e.g. unmodified 4A zeolite, a particular metal-exchanged 4A zeolite o 
anotS^r adso*ent which selectively adsorbs alkenes from alkene-alkane mixtures, and the pressure at 
S the adsorptions carried out. In general, the adsorption step is can'ied out at a minimum temperature 
S aboro-C and ?s preferably carried out at a minimum temperature of about 50-C and is most preferably 
at a tempe^ure of at least about 70-0. The upper temperature linrji. at whK*. adso^tion 
^^pTn unit A is carried out is determined mostly by economics. In general ttie adsorption step can be 
SrSJd oTara temperature below the temperature at which ttie alkene undergoes chemical reaction, such 
rXmerizaJon.Te upper adsorption temperature limit is about 250-C. When unmodified 4A zeolite is 
Tsed He Ssorbent the reaction is generally carried out at or below 200 • C. and is preferably carried out 
Ta temperature at or below 170-C. When oxidisable metal containing adsorbente^ partculariy copper- 
adsorbents, are used as the adsorbent, the adsorption step can be most efficientiy earned out at 
tei^Zr^ between about 100-C and 250-0. and it is preferably carried out fj^^'^^^^,^ lS 
range of about 125 to 200-C. and is most preferably carried out at temperatiires m the range of about 150 

^^'^he Assures at which the adsorption and regeneration steps of the unit A -^sorpti°n^^^^^^^^^ 
carried out are not critical, and in general, these steps can be carried out at any of the usual pressures 
^Xed foT gas adsorption processes, with the limitation, of course, ti,at the adsoa^ion step be «^i«d 
out at Tp essSre greater than the regeneration step pressure. Typically, when the adsorption proce^js 
p?essu^ swing adi,rption the absolute pressure during ttie adsorption step will range generally fror^ abcHrt 
S fto ab^S 100 bar and preferably from about 1 to 50 bar. and during the regeneration step wHI range 
from about 20 milliba; to about 1 bar or more. When the adsorption process is temperatiare swing adoption 
the oressure during both adsorption and desorption is desirably atmospheric or near attnosphenc. 

Cen the aZbed alkene front traveling through the vessel(s) of purifier A in ^''^^^.^l^^'^^Z.f^^ 
is bTg carried out reaches the desired point in the vessel(s). tt,e adsorption process in *«^^=^2L^ 
ernSn^ed and these vessels enter the regeneration mode. During ";i2^ff "t'^^^S^^^ 

are depressurized. if ttie adsorption cycle is pressure swing adsorption, or heated, if a tempe a^^^ 
adsorption cycle is employed. As the regeneration proceeds alkone-ennched gas .s discharged from purifier 

" ^Zalliene'-enriched stream from purifier A next enters reactor B. where it mixes with oxy9e"-«°"^ai^^^ 
gas entering reactor B through line 10. If acrylonitrile is to be produced in reactor ^''^^^^J^'^''^^ 
into Uie re«rtor ttirough line 12. The various reactants may be separately mttoduced into reactor B or they 
mi Sned and introduced into reactor 8 in a single line. The ^^^^^^ ^^'^'^'^^^^'l^'l 
gerirally depend upon tiie type of reactor used for practicing tiie invention. In fixed bed reactor systems 
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the components of the feed are often mixed before they enter the reactor and are thus 1"*° ^^^^^ 
through a single line, whereas in fluidized bed reactor systems, the components are often separately fed 

'"*°?!,V oxygen-containing gas can be air. oxygen-enriched air. other oxygen-inert gas ^ixhires or 
substantially pure oxygen. By oxygen-enriched air is meant air that contains more oxygen than is naturally 
present in air. Oxygen-inert gas mixtures include oxygen-nitrogen mixtures, oxygen-argon mixUjres. oxygen- 
?^n dtoSde mllres. etc substantially pure oxygen is preferred since Its use avo.ds the 'ntrod"ct.on of 
substantial amounts of inert gases such as nitrogen and argon into the system and ^^^^ ^^b^^^"^"* "^f *° 
remove excess quantities of these inert gases from the product gas stream to ''^l^''^''^'^^^ 
system. Substantially pure oxygen is defined for this specification as a gas stream containing at least 98 ^ 

Tn'^cS-Tme gas mixture contacts the catalyst at the conventional conditions of temperature and 
pressure specified below and reacts to form the product gases. Any of the well-known cata^yste for 
oxidizing alkene to the desired partial oxidation product under the specified conditions can be used in the 
p^cess'o' the Invention. In the case of ethylene partial oxidation suitable ^^^^^'V^^.'^'^^^f^J'^l^^^^^ 
supported on silica or alumina or mixtures thereof, and in the case of propylene partial oxidation suitable 
catalysts include bismuth molybdate for the first stage and a mixed ^'^'^'^^'^'^-'^^ "^1^. 
catalyst for the second stage of a two-stage process for the preparation of acrylic acid from propylene 
silver oxide or mixed molten nitrates for the preparation of propylene ^'^'^.^l, 
molybdate catalysts or antimony-containing catalysts for the preparation of a'^^'^^'^^''^" ^^^^^^t^ nrSu^^ 
their use are conventional and well known to those skilled in the manufacture of partial oxjdation products, 
and the specific partial oxidation catalysts used in the process do not font, a critical part of the '"vention. 

The conditions of the partial oxidation reaction are well known and likewise Pf* 
invention Typically, the oxidation reaction is conducted at a temperature in the range of about 120 to 
rS eOO-C and usually in the range of about 150- to about 500-C. and at pressures typical y m the 
SSe of about 1.1 to about 40 bar, and usually in the range of about 1.2 to about 25 bar. The reactants are 
SferilpSed through the .factor at a velocity in the range of about 0.1 to about 5.0 ft/sec. The volume 
ratio of oxygen to hydrocart>on in the feed is suitably in the range of about 0.3:1 to about 50:1. 

The partial oxidation reaction is highly exothermic: accordingly a considerable ^"^WV iff '^^ 
generated in reactor B and a hot gaseous effluent is discharged from this reactor *rough "n«J^f 
effluent is desirably cooled by passage through heat exchanger C. As noted above, the ^ 9«^~»« 
is cooled by indirect heat exchange with propylene feed gas entenng t^^.^^vs^ern through line 18. 
Alternatively, the hot effluent can be cooled by indirect heat exchange with a fluid other than the feed gas 
JJrS walW. During the cooling some partial oxidation product may condense. The condensed product 
caS brseparated froS the gas effluent in heat exchanger C and later combined with the product recovered 
Tn product recovery unit D. or if desired, all of the partially condensed gas mixture can be sent to product 
recovery unit D for separation from the remaining components of the reactor effluent. 

The product gas stream leaving reactor 8 contains the desired partial oxidaton product as «ie mam 
product, and carbon dioxide and carbon monoxide as by-products. As noted above. P"^*"^^^®^ 
generally also contains unreacled alkene and oxygen, and may contain small amounts of other by-producte^ 
Snpurity gases and the corresponding alkane. The product gas stream leaves reactor B via line 14 and next 
pTes through heat exchang^ C (if included in the system) wherein it is cooled generally to a temperature 
fn the range of about 30 to about 200-C. The cooled product gas stream then enters partial oxidaton 
product removal means D. in which the partial oxidation product is removed from the gas s^^^ 
oartial oxidation products condense from the reactor effluent stream upon cooling, others are best removed 
by means of a scrubber. When partial oxidation product removal means 8 is a scrubber, the product gases 
are intimately contacted with a solvent for the partial oxidation product. The solvent, which oto" ;r^«^ 
^solves substantially all of the partial oxidation product in ttie product gas stream and the Pafal oxidation 
product-containing solution exits scrubber D via line 32. It is usually further treated to ^«c°veMhe part^l 
oxidation product. The scrubbed gas stream leaves partial oxidation product remova^ means D ttirough ine 
28. in one aspect of this embodiment the scrubbed gas stream enters separator E through valve 34. In this 

aspect valves 38 and 50 are closed. 

Separator E is preferably operated in a manner which rejects from the system carbon dioxide in excess 
of the amounts which it is desired to recycle. When the system is operated for a penod of time equ'l-bnurn 
is reached, after which a quantity of carbon oxides approximately equal to the quantity produced in the 
oxidation step in each pass is removed from the system by separator E. Otiier inert gwes. nrtragen 
and argon (introduced into the system when air is used as the source of oxygen) are also removed from the 
system by means of separator E. To prevent the buildup of nitrogen and argon in the system when air used 
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as the source of oxygen, it is generally preferred to remove from the system substantially all of the nitrogen 
and argon entering reactor B. * , 

Rejected gases exit separator E through line 40 and are discharged from the system for further 
treatment or disposal. Unreacted alkene leaves separator E through line 42 and it is recycled to either 
5 purifier A or reactor B. When the alkane content of the gas stream flowing through line 42 is low it is 
preferable to recycle at least part of this stream directly to reactor B. This is accomplished by opening 
valve 46. On the other hand, if the stream in line 42 contains a significant concentration of alkane it is 
preferable to recycle all of this stream to purifier A so that the alkane can be removed. This is 
accomplished by opening valve 54 and closing valve 46. - ^ 

10 In some cases It may be preferable to have part or all of the gas stream leaving partial oxidation 
product recovery unit means D bypass separator E and be recycled directly to purifier A. This can be 
effected by opening valve 50 and closing or leaving open valve 34. This alternative is advantageous when it 
is desired to use purifier A to remove all gases other than the alkene reactant from the system. 

In a further aspect, the system of Figure 1 can be operated as a single pass system. In this aspect 
valves 34 and 50 are closed and valve 38 is opened and the components of the unit D gaseous effluent are 
discharged from the system through line 36 for further processing or disposal. 

The system illustrated in Figure 2 is a variation of the system of Figure 1. Units A, B, C and D of Figure 
2 are identical to or similar to the corresponding units of Figure 1. As was the case with the Rgure 1 
system, heat exchanger C is optional in the system of Figure 2. The principal difference between the 
system of Figures 1 and 2 is that in the Figure 2 system purifier A is positioned downstream of reactor B. In 
this arrangement the alkene feed entering the system flows directly to reactor B. In the Rgure 2 system the 
oxidant and ammonia (if used) are Introduced into reactor B through lines 10 and 12. respectively, as in the 
Figure 1 system. 

In the process of the invention as practiced in the system of Rgure 2. the gaseous effluent from partial 
oxidation product recovery means D passes through line 54 and enters heat exchanger C. wherein it is 
heated by indirect heat exchange with the reactor B effluent to the temperature at which the adsorption in 
purifier A is to carried out. In the exchange the hot reactor B gaseous effluent is cooled to the temperature 
at which the scrubbing process in unit D is to be conducted. In the system of Rgure 2. the alkene-enriched 
stream leaving purifier A passes through line 8 and Is recycled to reactor B. In this system purifier A serves 
to remove not only alkane but also carbon oxides and other gases from the recycle stream. The system of 
Figure 2 is preferred for use when the alkene feed gas contains relatively small concentrations of the 
corresponding alkane. for example concentrations of less than about 10% by volume. 

As was the case in the Rgure 1 system, it is not necessary in the Figure 2 system that the gaseous 
effluent from product recovery unit D be heated by passage through heat exchanger C. If desired, this 
stream can be heated by an external source of heat. This would be the case if heat exchanger C were not 
included in the Figure 2 system. . , . * 

It will be appreciated that It is within the scope of the present invention to utilize conventional equipment 
to monitor and automatically regulate the flow of gases within the system so that it can be fully automated 
to run continuously in an efficient manner. 

An important advantage of the invention is that it permits the process of this invention to be run at a 
relatively low per pass conversion of the alkene feed to the desired product to achieve substantially 
improved selectivity. It will be appreciated that a system that achieves enhanced selectivity, and hence 
increased overall yield of a desired product, is highly beneficial. 

The invention is further illustrated by the following example in which, unless otherwise indicated, parts, 
45 percentages and ratios are on a volume basis. 
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EXAMPLE 1 

This example depicts a vapour phase acrylonitrile production run using as feed components propylene 
containing 93% propylene and 7% propane, air and ammonia. The example is simulated for a reaction 
system similar to the system of Rgure 2. The simulated feed to the partial oxidation reactor (stream 2) is 
comprised of the fresh feed component (stream 1) and the recycle component (stream 5). The partial 
oxidation reactor effluent (stream 3) exits the reactor at a temperature of about 450 'C, is cooled by heat 
exchange with tiie effluent from the product scrubber (stream 4) and enters the scrubber for acrylonitnle 
recovery. After being heated to about 100 -C in the heat exchanger, the scrubber effluent enters the 
pressure swing adsorption system. The adsorption process is carried out at an adsorption pressure of 0.7 
bar and a bed regeneration pressure of 300 mbar. The recycle stream (stream 5) contains most of the 
propylene contained in the feed to the adsorption unit and the waste gas stream (stream 6) contains most of 
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the propane, nitrogen, oxygen and carbon oxide byproducts entering the adsorption unit. The flow rates and 
stream analyses are recorded In Table I. 
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EXAMPLE II 



This hypothetical example depicts a vapour phase propylene oxide production run us.ng as feed 
components propyler^e containing 98% propylene and 2% propane and oxygen. The ^J^P'^ '^.^^^'^j^f^ 
for a reaction system similar to the system of Figure 2. The simulated feed to the Parjal ox^^on reactc. 
(Stream 2) is comprised of the fresh feed component (stream 1) and the recycle component (stream 5). The 
p^Sroxidation reactor effluent (stream 3) exits the reactor at a temperature of about 400 -C is cooled by 
SS exchange with the effluent from the product scrubber (stream 4) and enters the scrubber for propylene 
oxide recovery. After being heated to about ibO'C in the heat exchanger, the scrubber elf luent enters ttie 
SjSju^^lg adsorption system. The adsorption process is carried out at an adsorption pressure o a7 
Ear and a bed regeneration pressure of 300 mbar. The recycle stream (stream 5) a'"«^'"°^' °* f^^^. 
nropXe containwl in the feed to the adsorption unit and the waste gas stream (stream 6) contains most of 
the pCanr^gen and carbon oxide byproducts entering the adsorption unit. The flow rates and stream 
analyses are recorded in Table II. 
16 In the Tables "Select." is an abbreviation of "selectivity". 



20 



25 



30 



35 



40 



45 



50 



65 



10 



EP 0 646 558 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



CQ 
< 



CO 



E 

s 



m 00 tn 

CO CN oi 



00 ^ 
lO CO 



^ CM 



CO CO 



<D CO 
in o d 



^ o 
d CO 



CO ifl 
^ CO 



CM CO 



CO 00 CO 
CO d eg 



CO 



^ 00 
^ lb 
in 



1^ ^ 

2 S 



cor^ocooiqoiqcNi^oip 
gdcN*-^T^d'i-^d'«-^cDo6g 



^O0f>.pcq«ocpcir».^o><p 

i—ior^do6^fl6^ 
1^ ^ o 

ir> 



O O CN 

^ 00 



s 



o CO tn 
K 6 d 

CN 



CO 00 00 

^ tri o> 

f- 00 



CN CO 



CM o 
^ ^ 



O cn 



o 
o 

CM 



CO 
00 



o o 
d CO 



o 

CO 



p 
oi 



o 
in 



d* U 



e X o g < 

ooouxoo2<o 
o:<<xuouxi- 



O -o 
o o 

Is 



55 



11 



EP 0 646 558 A1 



Claims 



1 A process for the production of a partiai oxidation product comprising the steps of: 
5 " (a) selectively adsorbing alkene from an alkene-alkane gas mixture by passing said gas mixture 
through an adsorption zone containing an adsorbent which selectively adsorbs the alkene; 

(b) regenerating said adsorbent, thereby producing alkene-enriched gas; 

(c) contacting said alkene-enriched gas with an oxygen-containing gas in a reaction zone in the 
presence of an appropriate oxidation catalyst under conditions which result in the production of a 

fo gaseous product containing the desired partial oxidation product; and . ^ ,^ ' ^ 

(d) recovering said partial oxidation product from the gaseous product, wherein the alkene and the 
alkane either both contain three carbon atoms, the alkene being propylene, or both contain two 
carbon atoms. 

,6 2 A process according to claim 1. further comprising recycling at least part of the gaseous product 
TemS after step (d) to said adsorption zone or to said reaction zone or to both said adsorption zone 
and said reaction zone. 

3. A process for the production of a partial oxidation product comprising the steps of: 
20 (a) contacting an alkene-alkane mixture and an oxygen-containing gas with a partial oxidation 

catalyst in a reaction zone under conditions which result in the production of a gaseous product 
containing said partial oxidation product, unreacted alkene and alkane; 
(b) recovering said partial oxidation product from said gaseous product: 

(c selectively adsorbing alkene from said gaseous product by passing said gaseous product through 
2s an adsorption zone containing an adsorbent which selectively adsorbs the alkene; 

(d) regenerating said adsorbent, thereby producing a propylene-enriched gas stream; and 

(e) recycling said propylene-enriched gas stream to said reaction zone. 

wherein the alkane and tfie alkene either both contain 3 carbon atoms, the alkene being propylene, or 
both contain 2 carbon atoms. 



30 



A process according to any one of the preceding claims, wherein the adsorption step is conducted at a 
temperature of at least 50 • C and the adsorbent is type 4A zeolite. 

A process according to claim 4. wherein said adsorbent contains exchangeable cations other than 
sodium ions, but at a level insufficient to divest the adsorbem of its type 4A character. 

A process according to any one of the preceding claims, wherein said oxygen-containing gas is 
substantially pure oxygen. 

A process acco«ling to any one of the preceding claims, wherein the alkene is propylene, the alkane is 
propane, and said partial oxidation product is selected from propylene oxide, acrolein, acrylic acid, 
propionic acid, i-propyl alcohol, acrylonitrile and mixtures of these. 

A process according to any one of claims 1 to 6. wherein the alkene is ethylene the alkane is ethane 
and said partial oxidation product is selected from ethylene oxide, ethylene d.chlonde, vinyl chloride 
vinyl acetate and mixtures of these. 

9. A process according to any one of the preceding claims, wherein the adsorption step is carried out at a 
temperature in the range of about 70 to about 170 • C and an absolute pressure of about 1 to 50 bar. 

10 A orocess according to any one of claims 1 to 7. wherein said zeolite type 4A contains copper ions and 
fhrXp«rrp is carried out at a temperature in the range of about 100 to about 200-0 and an 
absolute pressure of about 1 to 50 bar. 

55 11. A process according to any one of the preceding claims, wherein the adsorption and regeneration steps 
comprise a pressure swing adsorption cycle. 
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